SUMMARY The effect of octapressin (2-phenylalanine-8-lysine vasopressin) on renal and intrarenal blood flow was studied in 11 normotensive cirrhotic patients with abnormal renal perfusion. Renal haemodynamic changes were assessed with the '33Xenon washout technique. Of the six patients given suppressor doses of octapressin intravenously renal blood flow improved in one only. A further three patients responded to the drug in a dose which increased the mean arterial pressure by 5 Ol more mm Hg. The increase in mean renal blood flow was accompanied by an improvement in renal cortical perfusion. In two patients renal blood flow decreased after the administration of octapressin. These findings, in conjunction with previous reports, suggest that octapressin will only consistently improve renal perfusion in cirrhotic subjects who are hypotensive and in whom the mean arterial blood pressure is raised by the drug, but do not exclude the possibility that octapressin may have a direct renal circulatory effect in some patients.
systemic vasoconstrictor and a renal vasodilator (Cohn, Tristani, and Khatri, 1968) . As it also lowers portal pressure (Tsakiris, Haemmerli, and Buhlmann, 1964) , octapressin should theoretically be an ideal agent to use in the treatment of functional renal failure in cirrhosis where renal perfusion is poor, portal hypertension frequently present, and the blood pressure often low (Hecker and Sherlock, 1956; Papper et al, 1959; Baldus et al, 1964a; Shear et al, 1965) . Indeed Cohn, Tristani, and Khatri (1970) were able to raise the blood pressure and improve renal blood flow in three such patients. However, in 10 of the 11 cirrhotic subjects in whom renal perfusion has been improved by the administration of PLV-2 (Cohn et al, 1968 (Cohn et al, , 1970 , a simultaneous rise in blood pressure was produced and it may be argued that the increase in renal blood flow followed passively on the elevated arterial pressure. We have therefore investigated the effect of supressor doses of this drug on renal perfusion. The findings of Cohn et al (1968) suggested that, in addition to increasing renal blood flow, octapressin might improve renal cortical perfusion and hence glomerular filtration. We have used the 133Xenon washout technique so that the effect of the drug on the intrarenal distribution of blood flow could be assessed.
Material and Methods
The effect of octapressin on renal and intrarenal blood flow was measured in 11 patients with histo-293 logically proven cirrhosis of the liver. There were eight males and three females with a mean age of 49 years (range 37 to 62 years). Portal hypertension (as evidenced by the presence of oesophageal varices and splenomegaly) was present in eight subjects but none had ascites. The sodium intake of one patient (no. 8), who had previously had ascites, was restricted to less than 22 m-equiv per day: the remainder received a normal sodium intake. All patients had a systolic blood pressure of greater than 100 mm Hg at the time they were studied. Mean renal and outer cortical blood flow rates were reduced in all but one patient (no. 1) and seven had a subnormal distribution of blood flow to the outer renal cortex. Each patient had a normal blood urea concentration at the time they were investigated but in four instances creatinine clearance was reduced. No cause for abnormal renal haemodynamics other than an association with hepatic cirrhosis could be found.
Renal haemodynamic studies were performed at the time of coeliac axis or superior mesenteric arteriography to demonstrate the hepatic arterial and portal venous systems. The details of the procedure and its implications were explained to the patients and their consent was obtained. Renal and intrarenal blood flow was measured using the 133Xenon washout technique. The details of our method were given in a previous paper (Kew, Brunt, Varma, Hourigan, Williams, and Sherlock, 1971) .
A dose of 600-1000 ,uCi of 133Xenon dissolved in 0.8-1 0 ml of sterile isotonic saline solution was used. Background count rates were less than 30 counts per second while peak count rates after the injection were greater than 1 500 counts per second. The washout curves were resolved into first (outer cortical blood flow) and second (juxtamedullary and outer medullary flow) components using an analog computer. Flow rates were corrected for the patient's haematocrit as described by Andersen and Ladefoged (1967) . The percentage distribution of blood flow to these regions of the kidney was calculated from the zero time intercept of each component (Dobson and Warner, 1957) . Mean renal blood flow was calculated from the slope of the initial curve (Ingvar and Lassen, 1961) . Creatinine clearance was measured using the standard method and corrected for body surface area.
Three patients with a normal liver and kidneys were studied to determine the normal ranges for renal and intrarenal blood flow with this technique. The values for mean renal blood flow (225 ± 18 ml/100g/min; mean ± SEM) and first component blood flow (C1) (317 ± 11.8 ml/100g/min) are lower than those found by Epstein et al (1970) using the same technique in 36 healthy individuals in whom renal arteriography was performed during assessment of their suitability as kidney donors (338 ± 7m1/l00g/min and 410 ± 9m1/100g/min respectively).
The percentage distribution of blood flow to C1 (71 ± 3 6) was similar to that found in the earlier study (74 ± 1). Based on the findings in our three subjects, we have taken the lower limits of normal for mean renal blood flow as 190 ml/100g/min, C1300 ml/ 100g/min and percentage distribution to C1 as 60.
After recording control washout curves, an intravenous infusion of octapressin was commenced and continued for at least 20 minutes before and throughout subsequent tracings. The doses of octapressin used ranged from 0.001 to 0.016 units/min. The patient's blood pressure was monitored before and during the infusion.
Results
The general characteristics, type of cirrhosis, selected tests of liver function, and serum creatinine and creatinine clearances of the 11 patients are summarized in Table I . The effect of octapressin on renal and intrarenal blood flow is shown in The doses of octapressin used produced no objective effects. Specifically, none of the patients experienced abdominal cramps, headache, or chest pain. Facial pallor was evident in the patient in whom the mean arterial pressure increased by 16 mm Hg.
Discussion
The effects of vasopressin and its analogue octapressin on renal blood flow have been variable: synthetic vasopressin improved renal perfusion in anaesthetized cats (Barer, 1963) but had no effect in conscious dogs (Brooks and Pickford, 1958) or man (Maxwell and Breed, 1951) , while octapressin increased renal blood flow in dogs with haemorrhagic or endotoxic shock (Longo, Morris, Smith, Beck, and Assali, 1964; Texter, Abella, Laureta, del Greco, and Chou, 1966) but not in normotensive dogs or human subjects (Longo et al, 1964) . In the only study to date in cirrhotic subjects Cohn and his coworkers (1968) were able to reduce renal vascular resistance and improve renal perfusion using small doses of octapressin. Although this almost invariably accompanied a rise in systemic blood pressure, they did not think that it was a passive increase in renal blood flow secondary to the rise in arterial pressure because in one patient renal perfusion improved without any change in mean arterial pressure and in another a direct arterial infusion of the drug in very small doses led to a fall in renal vascular resistance. A direct effect of octapressin on the renal vessels would be confirmed if renal blood flow could be shown to increase in response to subpressor doses. Using doses which produced a rise in mean arterial blood pressure of 4 or less mm Hg, we were able to improve renal perfusion in only one of six cirrhotic subjects. Renal blood flow increased in three out of five patients in whom a rise in mean arterial pressure of 5 or more mm Hg was produced.
The marked instability of renal perfusion in cirrhotic patients (Epstein et al, 1970; Kew et al, 1971 ) makes the interpretation of drug-induced changes difficult: it is entirely possible that the increase in renal perfusion in four of our patients might reflect a change in vasomotor tone unrelated to the drug, and the fact that in two other patients renal blood flow decreased after the administration of octapressin strengthens this possibility. For a drug-induced change to be regarded as significant in these circumstances, it would have to be consistent.
It may be argued that we failed to produce a con-sistent response to octapressin because too small a dose was used. Although our doses were usually smaller than those used in the earlier study of Cohn et al (1968) (0 004 to 0-02 units/min) they were of the same order as those which subsequently produced good results in three patients with hepatorenal failure (Cohn et al, 1970) . Moreover, the four patients who did respond all received small doses (000I units/min in three and 0 004 units/min in one). Furthermore, in two of our patients who responded to octapressin in a dose of 0-001 units/min renal blood flow seemed to decrease again when larger doses were used. A similar phenomenon was noted by Cohn and his coworkers (1968) with doses in excess of 0-02 units/min. There were undoubtedly differences in the type of patients investigated in the two studies. Eight of the 11 subjects studied by Cohn et al (1968 Cohn et al ( , 1970 were hypotensive at the time, while all of our patients had a resting systolic blood pressure greater than 100 mm Hg. This suggests that octapressin will only consistently increase renal blood flow if a simultaneous rise in blood pressure is produced, a conclusion similar to that reached in experiments in dogs (Longo et al, 1964; Texter et al, 1966) . The fact that this effect is not specific to the reduced renal perfusion which occurs in patients with cirrhosis of the liver is indicated by the good response in renal blood flow to octapressin in a patient shocked for another reason (Cohn et al, 1968) . Other differences may also have contributed to the variable results. For example, all of the patients studied by Cohn's group had decompensated cirrhosis with ascites and seven had azotaemia and oliguria, while all of our patients had a normal blood urea concentration and none had ascites at the time they were investigated. Cohn et al (1968) found that the improvement in renal blood flow with octapressin was associated with a rise in the extraction ratio of para-amino hippurate and an increase in the rate of transit of indocyanine green through the kidney, suggesting that cortical perfusion was improved by the drug. As the abnormal renal perfusion in cirrhotic subjects is thought to be responsible for a decrease in glomerular filtration rate and ultimately azotaemia and oliguria, restoration of cortical blood flow should result in an improvement in renal function. In the present series cortical perfusion improved in the four patients in whom mean renal blood flow increased with octapressin.
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